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Measurement of Charmless B → V V decays at BABAR
Emmanuel Olaiya
Rutherford Appleton Laboratory, Chilton, Didcot, OX11 OQX, UK (for the BABAR Collaboration)
We present results of B → vector-vector (V V ) and B → vector-axial vector (V A) decays B0 → φX(X = φ, ρ+ or
ρ0), B+ → φK(∗)+, B0 → K∗K∗, B0 → ρ+b−1 and B
+
→ K∗0a+1 . The largest dataset used for these results is based
on 465 × 106 Υ (4S)→ BB decays, collected with the BABAR detector at the PEP-II B meson factory located at the
Stanford Linear Accelerator Center (SLAC).
1. INTRODUCTION
A vector-vector or vector-axial vector B-meson decay can be characterised by three complex helicity amplitudes,
A+, A0 and A−, corresponding to meson helicity states λ = +1, 0 and −1, respectively. The A0 amplitude is expected
to dominate due to the (V −A) nature of weak interactions and helicity conservation in strong interactions [1]. Most
B decays that arise from tree level b → c transitions follow an amplitude heirachy of |A0| > |A+| > |A−|. The B
meson decays to heavy vector particles with charm such as B → J/ΨK∗ show a substantial fraction of the amplitude
with transverse polarisation of the mesons (A±). This is because the larger the meson mass, the weaker the amplitude
heirachy. Therefore the amplitude heirachy |A0| > |A+| > |A−| is expected to be more significant in B decays to
light vector particles in both penguin [2, 3, 4] and tree-level [1] transitions. In the tree-level b→ u transitions, such as
B0 → ρ+ρ− [5], B+ → ρ0ρ+ [6], and B+ → ωρ+ [7], the dominance of longitudinal polarisation has been confirmed
by the BABAR and Belle experiments. However a large fraction of transverse polarisation was first observed by BABAR
and confirmed by Belle for the decays B → φK∗ and B → ρK∗, which is a significant departure from the expected
dominance of the longitudinal amplitude.
This polarisation anomaly in the vector-vector decays B → φK∗ and B → ρK∗ suggests other contributions to
the amplitude, that were previously neglected. This possibility has generated great interest in vector-vector decays,
motivating a number of proposed contributions from physics beyond the standard model [8]. In addition there
are mechanisms within the standard model which have been proposed to explain the anomaly such as annihilation
penguin [4, 9] or electroweak penguin, or QCD rescattering [10]. The key to understanding this anomaly could be
obtained by studying other vector-vector and vector-axial vector decays such as B → φV , B → K∗K∗, B → ρb1,
B → K∗a1 and comparing experimental results with theory.
2. METHOD
The angular distribution of the B decay products can be expressed as a function of three helicity angles which
describe the alignment of the particles in the decay chain. For two-body decays the polarisation is normally chosen
as the direction of the daughters in the center of mass of the parent [11], and for three-body decays the normal to
the decay plane [12]. For B → V V and B → V A decays the angular distribution in the helicity frame is given by
the equation:
d2Γ
d cos θ1θ2
=
9
4
[fL cos
2 θ1 cos
2 θ2 +
1
4
(1− fL) sin
2 θ1 sin
2 θ2] (1)
where θ1,2 are the helicity angles and fL is the fraction of longitudinal polarisation and is equal to |A0|
2/(|A0|
2 +
|A−1|
2+ |A+1|
2). Here we have integrated over the azimuthal angle φ (shown in Figure 1). We calculate the fraction
of longitudinal polarisation fL by fitting the angular distributions θ1 and θ2.
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Figure 1: Definition of helicity angles using the decay B → ρ+b1. The angle θ1 corresponds to b1 and θ2 corresponds to ρ
+.
3. RESULTS
3.1. B0 → φφ, B+ → φρ+ and B0 → φρ0
The decay B0 → φφ is an OZI suppressed process with an expected branching fraction in the range (0.1 to 3.0) ×
10−8 in the standard model [13, 14, 15]. The decays B+ → φρ+ and B0 → φρ0 are pure b → d loop processes with
expected branching fractions in the range (0.2 to 5.3) ×10−7 [16, 17, 18, 19, 20, 21, 22, 23, 24].
Using a data sample of 384 × 106 BB pairs we observed no signal for these decays, consistent with standard model
expectations. We obtain a 90% confidence level upper limit for the decays B0 → φφ, B+ → φρ+ and B0 → φρ0 of 2
×10−7, 30 ×10−7 and 3.3 ×10−7 [25], respectively.
3.2. B+ → φK(∗)+
We search for B+ → φK
(∗)+
J decays using three final states of the K
(∗)+
J decay: K
0
Spi
+, K+pi0 and K+pi+pi−, where
K0S → pi
+pi− and pi0 → γγ. Previous studies have been limited to the two body K∗J → Kpi decays, thus considering
only the spin-parity K∗J states with P = (−1)
J . We now consider three-body states K∗J → Kpipi which include P =
(−1)J+1 states such as K1 and K2. Using a data sample of 465 × 10
6 BB pairs we perform an amplitude analysis
to measure branching fractions and polarisations for B → φK∗ decays [26]. The results of the amplitude analysis
are shown in Table I.
3.3. B0 → K∗0K∗0 and B0 → K∗+K∗−
Decays proceeding via electroweak and gluonic b → d penguin diagrams have been measured in the decays B →
ργ [27] and B0 → K0K0 [28]. However, the decay B0 → K∗0K∗0 proceeds via both electroweak and gluonic
b → d penguin loops to two vector particles. Theoretical calculations for B0 → K∗0K∗0 branching fractions cover
a range (0.16-0.96) ×10−6 [19, 21, 29]. The latest predictions by Beneke et al. [15] estimate a branching fraction
of (0.6+0.1+0.3
−0.1−0.2) × 10
−6 and fL = 0.69 ± 0.01
+0.16
−0.20. Using a data sample of 383 × 10
6 BB pairs we observe the
decay B0 → K∗0K∗0 for the first time, measuring a branching fraction of (1.28+0.35
−0.30 ± 0.11) × 10
−6 and fL =
0.80+0.10
−0.12 ± 0.06 [30], which is consistent with theoretical predictions.
The decay B0 → K∗+K∗− is expected to occur through a b → u quark transition via a W -exchange, and
consequently have a small branching fraction with predictions of (0.09+0.05+0.12
−0.03−0.10)× 10
−6 [15] and (0.1± 0.0± 0.1)×
10−6 [2] both based on QCD factorisation. Using a data sample of 454 × 106 BB pairs we observe no signal and
obtain a 90% confidence upper limit of 2.0 ×10−6 [31] which is two orders of magnitude more sensitive than the
previous measurement [32] .
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Table I: Number of signal events, significance, longitudinal polarisation fraction and branching fraction measurements from
the B+ → φK(∗)+ amplitude analysis.
Mode nsig s (σ) fL B (10
−6)
φK1(1270)
+ 116 ± 26 ± 14 5.0 0.46+0.12+0.03
−0.13−0.07 6.1 ± 1.6 ± 1.1
φK1(1400)
+ 7 ± 39 ± 17 0.2 < 3.2 (0.3± 1.6 ± 0.7)
φK1(1430)
+ 5.5 0.80+0.09
−0.10 ± 0.03 (8.4± 1.8± 0.9)
→ K0Spi
+ 27± 6± 3
→ K+pi0 39± 8± 4
→ K+pi+pi− 64± 14± 6
φ(Kpi)∗+0 8.2 (8.3± 1.4± 0.8)
→ K0Spi
+ 48± 8± 4
→ K+pi0 80± 13± 7
φK∗0 (1430)
+ (7.0± 1.3± 0.9)
φK∗(1410)+ 61 ± 31+11
−31 <2.0 < 4.8 (2.4 ± 1.2
+0.4
−1.2
φK∗(1770)+ 90 ± 32+39
−46 <2.0 < 16.0
φK∗(1820)+ 122 ± 40+20
−83 <2.0 < 23.4
3.4. B0 → ρ+b−1
Cheng and Yang [2] have extended calculations by Beneke et al.[15] to include vector-axial vector (V A) decays.
They predict a B0 → ρ+b−1 branching fraction of (32.7
+16.5+12.1
−14.7−4.7 )× 10
−6. This measurement combines the branching
fractions of both B0 → ρ+b−1 and B
0 → ρ−b+1 , noting that the latter decay is suppressed by G-parity conservation.
They also predict the longitudinal polarisation fraction to be fL = 0.96
+0.01
−0.02.
Using a data sample of 465 × 106 BB pairs we find no evidence of a signal and obtain a 90% confidence level
upper limit of 1.7 ×10−6 [33].
3.5. B+ → K∗0a+1
Recent searches of charmless decays with axial-vectors have revealed comparatively large branching fractions
compared to other charmless decays, in the range (15−35)×10−6 [34]. Available B+ → K∗0a+1 theoretical estimates
are based on na¨ıve factorisation with an expected branching fraction of 0.51 ×10−6 [35] and on QCD factorisation
with an expected branching fraction of (9.7+4.9+32.9
−3.5−2.4 )×10
−6 and a longitudinal polarisation fraction fL of 0.38
+0.51
−0.40 [2].
Using a data sample of 465 × 106 BB pairs we find no evidence for signal and measure a branching fraction of
(1.4+0.8+1.4
−1.0−1.4)× 10
−6 corresponding to a 90% confidence level upper limit of 3.2 ×10−6 [36].
4. CONCLUSION
Using larger datasets, the BABAR experiment has provided more precise B → V V measurements, further supporting
the smaller than expected longitudinal polarisation fraction of B → φK∗. Additional B meson to vector-vector and
vector-axial vector decays have also been studied with a view to shedding light on the polarisation anomaly. Taking
into account the available errors, we find no disagreement between theory and experiment for these additional decays.
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